One-step synthesis of 2D-layered carbon wrapped transition metal nitrides from transition metal carbides (MXenes) for supercapacitors with ultrahigh cycling stability
Percentage (%)=The volume (micro,meso or macro)/Total volume×100%. Raman spectra were obtained from Renishaw Ramascope (Confocal Raman Microscope, Renishaw, Gloucester-shire, U.K.) equipped with a He-Ne laser (λ = 532 nm). The three-electrode electrochemical tests: the electrochemical measurements were carried out in a typical three-electrode cell consisting of a working electrode, a Pt counter electrode, and a Hg/HgO reference electrode (SCE) performed using an electrochemical workstation (CHI 660E, CH Instruments, Shanghai, China) in 2 M KOH as electrolyte. The working electrode was prepared by mixing 75 wt.% of the active materials, 20 wt.% of acetylene black and 5 wt.% of poly(tetrafluoroethylene), and pressing (20 MPa) the mixture onto a nickel foam. After drying under room temperature for 24 h, the working electrode was obtained. The EIS spectra were tested at open circuit potential from 100 kHz to 0.01 Hz. The electrochemical performance was then evaluated using cyclic voltammetry (CV), galvanostatic charge-discharge (GCD) and electrochemical impedance spectroscopy (EIS). The specific capacitances from CV curves were calculated from the following equation:
The specific capacitances from GCD curves were calculated according to the following equation:
where I is the charge or discharge current (A), Δt is the charge/discharge time (s), m is the total mass of electrode (g), and ΔV is the potential window (V). Solid-state SC electrochemical tests: 5 g PVA powder was added into 50 mL 1 M KOH solution.
After stirring under 85 °C for 1 h, a KOH/Polyvinyl Alcohol (PVA) sol-gel electrolyte was obtained. Two C@TiN electrodes via using the three-electrode working electrode preparation method were soaked into KOH/PVA sol gel electrolyte. After drying for 2 days, a solid-state SC was obtained. The electrochemical performance was then evaluated using CV, and GCD technologies. The specific capacitances of SC from GCD curves were calculated according to the following equation:
Where m total is the total mass of two C@TiN electrodes (g). The energy density E (Wh/kg) can be calculated according to the following equation:
The power density P(W/kg) can be obtained according to the following equation:
P=E/Δt. 
